Objective To determine the patterns and determinants of nutritional status among women in Nigeria. Methods Using a body mass index (BMI) category of 18.5-24.99 kg/m2 (normal weight) as the reference, set of univariable and multivariable multinomial logistic regression models were fitted to investigate the independent association between different sociodemographic characteristics and nutritional status. Results were presented in the form of relative risk ratios (RRR) with significance levels and 95% confidence intervals (95% CI). Results Almost two-thirds of women had BMIs in the normal range. Of the total sample, 14.5% of subjects were classified as underweight, 14.3% as overweight and 5.5% as obese. The youngest women are the most likely subgroup to be thin; one-quarter of women aged 15-19 have a BMI of less than 18.5 kg/m 2 . There is significant regional variation, with the prevalence of thinness ranging from 6% in the north central area to 22% in the northeast. There was a clear socioeconomic distribution underlying patterns of nutritional status, with women in low socioeconomic positions (SEP) experiencing a greater risk of being underweight and those in high SEPs experiencing the greatest risk of being overweight and obese. Conclusions The results show that women in low SEPs are more likely to be underweight, and women in high SEPs are more likely to be obese. There is a need for public health programs to promote nutritious food and a healthy lifestyle to address both types of malnutrition at the same time. It will also be important for these programs to be age and region sensitive.
Background
Increasingly, health systems in poor countries are simultaneously confronting under-and overnutrition-not only at the national level, but also within households (Caulfield, de Onis, Blossner & Black 2004) . Both under-and overnutrition are linked with a range of adverse health conditions. Body mass index (BMI), a measure to determine the amount of body fat and amount of lean body mass, can be used to determine if a person is underweight, normal weight, overweight or obese (BMI is calculated by dividing a person's weight in kilograms by the square of the person's height in meters, kg/m 2 ). The underweight (defined as having a BMI of less than 18.5 kg/m 2 ) are susceptible to poor maternal and infant health as well as childhood growth problems and compromised mental development. Meanwhile, obesity, defined as a BMI of more than 30 kg/m 2 , is associated with such chronic diseases as stroke, hypertension, cardiovascular disease, type-2 diabetes and certain forms of cancer. Obesity is a serious public health problem with immense health, social and economic implications (Gill King & Caterson 2005) . Obesity is fast
The emergence of the dual burden household is a result of the nutrition transition underway in developing countries that are becoming more prosperous and urbanized. These countries are seeing a decrease in physical activity levels and a shift in diets to include more fats and sugars (Popkin & Gordon-Larsen 2004) . With the globalization of food markets, developing countries have larger quantities of lowcost, high-calorie foods. Influential marketing persuades poorer households to purchase more of these cheap foods (Caballero 2005) . The excess energy from these foods may affect adults and children within the same household differently. For example, young children may easily use up the excess energy and still be underweight, while adults may end up gaining weight (Caballero 2005) . Physical activity levels and food distribution within the household may also vary from one family member to another, further contributing to the under-/overweight phenomenon (Doak, Adair, Monteiro & Popkin 2000) . Nutritional status can be influenced by both social and biological factors. Previous studies (Cooper et al. 1997; Forrest et al. 2001; Lawoyin et al. 2002; Okesina, Oparinde, Akindoyin & Erasmus 1999) found that adult women from Nigeria were more likely to be overweight than their male counterparts, suggesting nutritional differentials may be biologically influenced.
The International Obesity Task Force (IOTF) and the World Health Organization (WHO) have identified the emerging patterns of both under-and overnutrition, especially in middleincome and developing countries, as among the top ten future global health problems (Cole, Bellizzi, Flegal, & Dietz 2000; World Health Organization 2004b) . "There is need to simultaneously address the infectious disease epidemics, especially HIV/AIDS, and the potentially serious chronic disease epidemics associated with overweight and obesity" warned the WHO (World Health Organization 2002). However, the specific epidemiological and demographic features of these nutritional changes in developing countries are not fully understood for effective public health interventions (Jinabhai, Taylor & Sullivan 2005; Mendez, Monteiro & Popkin 2005 ) and warrant additional study (Doak et al. 2000) . This study used nationally representative data collected between March 2003 and August 2003 in Nigeria to update our knowledge about the prevalence, distribution and determinants of under-and overnutrition among women.
Methods

Study design
This cross-sectional study is based on data from the Nigeria 2003 Demography and Health Survey (DHS). The survey was approved by the Ethics Committee of the ORC Macro at Calverton in the USA and by the National Ethics Committee in the Ministry of Health in Nigeria. All study participants gave informed consent before participation, and all information was collected confidentially. Within each domain, a two-stage sample was selected. The first stage involved selecting 466 clusters (primary sampling units) with a probability proportional to the size, the size being the number of households in the cluster. The second stage involved the systematic sampling of households from the selected clusters. All women aged 15 to 49 years in the selected households were interviewed. The sample was selected using a stratified two-stage cluster design consisting of 365 clusters taken from a list of enumeration areas developed for the 1991 Population Census. A nationally representative probability sample of 7,864 households was then selected from the clusters, in which all women aged 15 to 49 years were eligible to be interviewed.
Data collection
Data were collected by visiting households and conducting face-to-face interviews to obtain information on demographic characteristics, wealth, nutritional and sexual behavior, among other data, between March and August 2003. The final analytical sample consisted of 6,772 nonpregnant women aged 20-49 who participated in the survey.
Main outcome measure
Body mass index (BMI), calculated as weight in kilograms divided by height in meters squared (kg/m 2 ), was used as the outcome for this study. Weight was measured by using a solar-powered scale with an accuracy of ±100 g, and height was measured with an adjustable wooden measuring board that is designed to provide accurate measurements (to the nearest 0.1 cm) in the context of a developing-country field situation (Mishra 2004 
Covariates
The study considered four measures of socioeconomic position: wealth index, education, occupation and place of residence. Wealth index was defined in terms of household assets and material possessions, and these have been shown to be reliable and valid measures of household material well-being. Each woman was assigned a standard-of-living score that was based on a linear combination of the scores for different items that were recorded for the household in which the woman resided and that were weighted according to a proportionate possession weighting procedure. The weighted scores were divided into quintiles for the analytic models. The level of education attained was defined as never having been to school, primary and secondary or higher education. Women's current occupation was defined as being currently engaged in white-collar work (e.g., professional and managerial positions, clerical or sales, or generally employed in the service sector), manual or agricultural work (including paid household or domestic work) and not currently participating in the labor force (including those not seeking work, such as homemakers).
Place of residence was defined as rural or urban. Other variables were defined as follows: age was stratified into 5-year bands; religion was stratified into Christians, Muslims and others; marital status was defined as never married, currently married, divorced or widowed; tobacco use (yes or no); alcohol use (yes or no); parity (no child, one to four children, five or more children).
Statistical analysis
The analytical approach included descriptive as well as univariable and multivariable multinomial logistic regression methods. Using a BMI category of 18.5-24.99 kg/m 2 (normal weight) as the reference, a set of logistic regression for underweight, overweight and obese categories was estimated in which each of the categories was contrasted with the reference category. Univariable and multivariable multinomial logistic regression was used to assess the impact of different baseline characteristics over the four groups' BMIs. In the multivariable model, all covariates were entered simultaneously. Results were presented in the form of relative risk ratios (RRR) with significance levels and 95% confidence intervals (95% CI). It is important to note that RRRs in this study only describe an association between characteristics measured at the same time.
Regression diagnostics were used to judge the goodness of fit of the model. They included the tolerance test for multicollinearity, its reciprocal variance inflation factors (VIF), presence of outliers and estimates of adjusted R square of the regression model. None of the results of the tests provided reasons for concern. Thus, the models provide robust and valid results. Statistical methods for complex survey data, Stata, release 9.2 (Stata Corp., College Station, TX) were used to account for stratification, clustered sampling and weighing to estimate efficient regression coefficients and robust standard errors. Individual weight data analysis was used in this study.
Results
Descriptive characteristics of the sample for variables considered for the study, tabulated across four categories of body mass index (BMI), are shown in Table 1 . The mean BMI of Nigerian women (22.3 kg/m 2 ) falls well within the internationally accepted normal range (Mei et al. 2002; World Health Organization 1995) . Almost two-thirds of women had BMIs in the normal range. Of the total sample, 14.5% of subjects were classified as underweight, 14.3% as overweight and 5.5% as obese. Therefore, 19.3% of these women had BMIs exceeding the normal weight cutoff point of 25 kg/m 2 . The youngest women were the most likely subgroup to be thin; one-quarter of women age 15-19 had a BMI of less than 18.5 kg/m 2 . There was significant regional variation, with the prevalence of thinness ranging from 6% in the north central area to 22% in the northeast (Table 2 ).
BMI<18.5 kg/m 2 (underweight)
After controlling for background factors, wealth index, education and occupation remained significantly associated with the risk of being underweight. Compared to the poorest women, the wealthiest women were less likely to be underweight [relative risk ratio (RRR) 0.51; 95% CI (confidence interval) 0.32 to 0.63]. Compared to women who had never been to school, those with secondary or higher education were less likely to be underweight (RRR 0.66; 95% CI 0.51 to 0.87). Compared to those not in labor forces, women engaged in manual or agriculture work were less likely to be underweight (RRR 0.69; 95% CI 0.53 to 0.90); in addition, those women in non-manual jobs were less likely to be underweight (RRR 0.79; 95% CI 0.64 to 0.96). Among the background factors, increasing age is strongly and negatively associated with being underweight. Independent of the wealth index and other factors, the adjusted effects of alcohol consumption, type of residence and parity were not significant. Women in unions were less likely to be underweight than women who have never married (RRR 0.64; 95% CI 0.47 to 0.86). For religion, Muslim women were more likely to be underweight (RRR 1.66; 95% CI 1.22 to 2.26) than Christian women. By geographical region, women living in the northeast were more likely to be underweight than those living in the north central area (RRR 3.94; 95% CI 2.75 to 5.63). Fig. 1 are the predicted probabilities of being obese by age for household quintiles of the standard-ofliving (wealth) index.
There is strong evidence that age modifies the relation between socioeconomic position and BMI. Thus, increasing age seems to increase the risk of being obese for women in all quintiles of the standard-of-living (wealth) index. The risk of being obese is highest for the better-off women at every age. The interaction patterns observed for being overweight were similar to those observed for being obese (Fig. 2) .
However, there is little evidence that age modifies the relation between socioeconomic position (SEP) and BMI. As shown in Fig. 3 , increasing age seems to reduce the risk of being underweight in all quintiles of the standard-ofliving (wealth) index.
The risk of being underweight is highest for the poorest women at every age. There is no evidence that age modifies the relation between SEP and BMI.
Discussion
Patterns and distribution of under-and overnutrition
The high prevalence of the overweight in urban areas has been widely acknowledged in the literature (al-Nuaim et al. however, these data indicate that the burden in rural areas is also substantial. The study finds that there are far more overweight than underweight among older women in Nigeria. A new report based on data for women younger than 50 in 36 developing countries (Mendez et al. 2005) has found that the numbers of overweight women are increasing at an alarming rate. In ten countries, more than half of the women living in urban areas are overweight, according to the report. In 18 of the countries, more than a fifth of rural women were also overweight.
Overall, these data suggest that being overweight in adults appears to be replacing undernutrition as a public health problem, rather than being added to undernutrition in adults. Global reviews of nutritional status in the developing world have posited that the nutritional transition is characterized by a reduction in the prevalence undernutrition and an increase in the prevalence of overnutrition (World Health Organization 2002). Epidemiologically under-and overnutrition are the products of several risk factors occurring during childhood and adolescence. These range from nutritional deprivation, poor socioeconomic and environmental circumstances and household food insecurity occurring during childhood, to poor diet and inadequate physical activity associated with overweight and obesity among adolescents (World Health Organization 2004b). There is the possibility that child undernutrition is linked to adult overnutrition, as the fetal origin hypothesis suggests (Mendez et al. 2005; Popkin & Gordon-Larsen 2004; Popkin, Richards & Montiero 1996) . If so, persistent child undernutrition may well contribute to the burden of overweight in women. To more fully understand how adult nutritional status in Nigeria is changing and influenced by the process of globalization, additional data are needed on the tracking of nutritional status from childhood into adulthood.
Determinants of under-and overnutrition
This study examined the association between socioeconomic position (SEP) and nutritional status among resident Nigerian women. This study confirmed previous studies (Dhurandhar & Kulkarni 1992; Shukla, Gupta, Mehta & Hebert 2002; Subramanian & Smith 2006) finding that there is a clear socioeconomic distribution underlying patterns of nutritional status, with women in low SEP experiencing a greater risk of being underweight and those in high SEP experiencing the greatest risk of being overweight and obese. The observed socioeconomic gradients in nutritional status provide clues to the factors that may explain this pattern. Higher income inequality has also been linked to an increased risk of overweight and obesity (adjusted for individual income)(Diez-Roux, Link, & Northridge 2000), although inconsistent findings have also been reported (Chang & Christakis 2005) . As noted by Subramanian et al. (Subramanian & Smith 2006) , the wealth index, which is directly related to the amount of disposable household income available for food, was the Fig. 1 Plots of predicted probabilities of being obese by age for quintiles of the household standard-of-living index Fig. 2 Plots of predicted probabilities of being overweight by age for quintiles of the household standard-of-living index single measure most strongly associated with under-and overnutrition. This suggests, perhaps unsurprisingly, that higher expenditure on food is related to greater weight. Manual and agricultural works, which are crude indicators of physical activity, were related to overnutrition in the expected direction, with agricultural and manual workers having a lower prevalence of being overweight. Contrary to previous study (Subramanian & Smith 2006) , agricultural and manual workers were less likely to be underweight. Interaction effect between the individual standard-ofliving index and women's age for risk of being obese was calibrated to test whether younger women with high SEP had a lowered risk of being obese. The study found no evidence that the risk of obesity might be lower among younger women in the top quintile of the standard-of-living index. The risk of being obese is highest for the better-off women at every age. This study also found significant regional variation for the risk of being underweight, overweight and obese; this finding is intriguing and would benefit from further exploration. With SEP and other potential confounding background factors controlled statistically, women living in the urban area are less likely to be underweight and more likely to be obese. This finding is consistent with earlier studies in Ghana (Amoah 2003a (Amoah , 2003b and numerous studies from other parts of the world (al-Nuaim et al. 1996; Malik & Bakir 2007; Mohan et al. 2004; Sidhu et al. 2005; Xu et al. 2005) .
Limitations
There are several limitations to this study that should be kept in mind when interpreting the results. One important limitation is that DHS surveys do not collect data on household income or expenditure, the traditional indicators used to measure wealth. The assets-based wealth index used here is only a proxy indicator for household economic status, and it does not always produce results similar to those obtained from direct measurements of income and expenditure where such data are available or can be collected reliably (Filmer & Pritchett 2001; Montgomery, Gragnolati, Burke & Paredes 2000) . Another limitation of the present analysis relates to the use of BMI as the only measure of nutritional status. We defined overweight and underweight by using BMI cutoffs recommended for worldwide use (World Health Organization 1995 , 2004a . These cutoffs, established on the basis of the relation of BMI with mortality in Western Europe and North America, also provided measures of increased morbidity risk, although the relation of BMI to morbidity is fairly linear (1994 Gurrici, Hartriyanti, Hautvast & Deurenberg 1998; Razak et al. 2007; World Health Organization, 2004a ), and it is not possible to properly ascertain the magnitude of potential bias derived from the use of these cutoffs. For example, the cutoff of 18.5 kg/m 2 that is used to define underweight likely includes healthy persons, which implies some overestimation of undernutrition. However, there is also some likelihood of underestimation: even though BMIs of 11.0-13.0 kg/m 2 are compatible with survival, there is increased risk of mortality at extremely low BMIs (1994; World Health Organization 1995) .
A third limitation is that the survey did not collect direct information on physical activity and total energy intake. Moreover, the study could not control for the extent of use of medical services in connection with underweight and obese, although the set of control variables used in the study includes several measures of SEP, which are typically correlated with access to and use of medical services (Mishra 2004 ). Finally, cross-sectional data only allow looking at associations; it is impossible to directly assess how the relation between SEP and BMI may change over time (Ball & Crawford 2005) . Prospective cohort studies with better measures of various risk behaviors are needed to better understand the epidemiology of under-and overnutrition.
Policy implications
The continued trend of overweight and obesity among Nigerian women may result in a chronic disease epidemic as evidenced in the world (Mendez et al. 2005; World Health Organization 2004b) . Dual burden households present a unique challenge for public health. Interventions aimed at reducing undernutrition (such as increasing household food supply) often contradict obesity prevention programs. And interventions to reduce overweight or obesity may recommend a reduced fat diet, with adverse Fig. 3 Plots of predicted probabilities of being underweight by age for quintiles of the household standard-of-living index effects on any underweight members in the same household (Doak et al. 2000) . Thus, programs should promote nutritious foods and a healthy lifestyle to address both types of malnutrition at the same time. High-quality dietsthose that consist of sufficient energy and nutrients but are limited in fats, sodium and sugars-benefit those at risk of either under-or overnutrition. Eating more fruits and vegetables helps the overweight while also helping the undernourished. Similarly, an increase in physical activity with adequate energy and protein intake can help build critical muscle mass and contribute to a healthy body composition in both groups (Doak et al. 2000) . Regular physical activity is associated with enhanced health and reduced risk of all-cause mortality (Blair et al. 1995; Lee, Hsieh & Paffenbarger 1995; Paffenbarger et al. 1993; Paffenbarger et al. 1994) . Beyond the effects on mortality, physical activity has many health benefits, including reduced risk of cardiovascular disease (Sesso, Paffenbarger & Lee 2000; Wannamethee & Shaper 2001 , ischemic stroke (Gorelick et al. 1999; Hu et al. 2000; Wannamethee & Shaper 1999) Uusitupa et al. 1985) , colon cancer (Brownson, Chang, Davis & Smith 1991; Brownson, Zahm, Chang & Blair 1989; Chow et al. 1993; Dosemeci et al. 1993; Slattery & Potter 2002; Vetter et al. 1992) , osteoporosis (Kohrt, Snead, Slatopolsky & Birge 1995; Nichols et al. 1994; Rubin et al. 1993) , depression (Camacho, Roberts, Lazarus, Kaplan & Cohen 1991; Fox 1999; Paluska & Schwenk 2000; Raglin 1990 ; Ross & Hayes 1988; Weyerer 1992 ) and fall-related injuries (Cummings et al. 1990; Farmer et al. 1989; Jaglal, Kreiger & Darlington 1993 Meyer, Henriksen, Falch, Pedersen & Tverdal 1995; Meyer, Tverdal, & Falch 1993) . The WHO strategy 2002 could serve as a basis for design for such interventions, but would need to be highly selective in the targeting, which should be gender, age and regional specific (World Health Organization, 2002) .
However, public health programs alone are not enough. Poor households are often unable to afford healthier foods. Governments therefore must play a key role in monitoring and regulating the food market. By alleviating price constraints, government intervention-for example, in the form of food subsidies-can improve access to healthy foods.
Conclusions
This study provides information on the prevalence and risk factors for nutritional status among Nigerian women. The results shows that women in low socioeconomic positions (SEP) are more likely to be underweight, and women in high SEP are more likely to be obese. There is a need for public health programs to promote nutritious food and a healthy lifestyle to address both types of malnutrition at the same time. It will also be important for these programs to be age-and region-sensitive.
